Scheme S1. The synthesis of investigated compounds.
(9-(3,5-Dimethyloctyl)carbazole 1 , 5,15-bis(4-formylphenyl)-10,20-bis(2,4,6-trimethylphenyl)porphyrin 2 , 2,2'-(2,4,6-trimethylphenylmethylene)bispyrrol 3 and 4-(5,5,-dimethyl-1,3-dioxan-2-yl)benzaldehyde 4 were synthesised according to procedures reported before. All other chemicals were available commercially and used without additional purification, unless stated differently: phosphorous V oxychloride Aldrich 99%, sodium acetate BDH 99.0%, ethyl acetate Chem-Supply 99%, magnesium sulphate Scharlau 98%, dichloromethane Chem-Supply 99.8%, glacial acetic acid Ajax 99.7%, sodium hydrogencarbonate Ajax 99.7%,methanol Honeywell 99.9%, tetrahydrofuran Ajax 97%, sodium borohydride Aldrich 98.5%, toluene RCI Labscan 99.9, iodine Ajax 99.9%, cyanoacetic acid Aldrich 99%, ammonium acetate Chem-Supply 97%, 4-methylbenzaldehyde Sigma-Aldrich 97%, p-chloranil Fluka 97%, hexane Ajax 99%, ammonium hydroxide Ajax 28%, potassium carbonate Ajax 99.7%, hydrochloric acid RCI Labscan 32%, 1,8-diazabicyclo [5.4 .0]undec-7-ene Aldrich 98%, tetrakis(triphenylphosphino)palladium (0) Sigma-Aldrich 99%, chloroform RCI Labscan 99.8%,sodium thiosulphate pentahydrate Chem-Supply 99.5%, triphenylphosphine hydrobromide, Sigma-Aldrich 97%, p-tolylboronic acid, Aldrich 97%, 4-methoxyphenylboronic acid Aldrich 95%, 4-(trifluoromethy)phenylboronic acid Aldrich 95%, 3-(trifluoromethy)phenylboronic acid Aldrich 95%, 4-(diphenylamino)phenylboronic acid Aldrich 95%. NMR spectra were recorded on Bruker Avance 400 spectrometer. The following abbreviations were used: s = singlet, d = doublet, dd = doublets of doublets, ddd = doublets of doublets of doublets, m = multiplet. All coupling constants J were measured in hertz (Hz) . Chemical shifts are reported in parts-per-million (ppm). Tetramethylsilane was used as the internal reference. Mass spectra were recorded on Polaris Q or Hewlett Packard 5973. The synthetic procedures were not optimised. Br 6-Aryl-(9-(3,5-dimethyloctyl)carbazole-3-carboxaldehyde (3a-e): 6-Bromo-(9-(3,5-dimethyloctyl)carbazole-3-carboxaldehyde (1.00 g, 2.4 mmol) and a boronic acid (3.6 mmol) were dissolved in dimethoxyethane and degassed under sonication.
Aqueous solution of potassium carbonate (20 mL, 1M) was added followed by tetrakis(triphenylphosphino)palladium (0) (0.10 g, 4% M). The resulting mixture was stirred under argon at 90 o C for 5 hrs. Afterwards, the reaction mixture was cooled down and diluted with ethyl acetate (50 mL). The organic phase was separated, dried over magnesium sulphate and evaporated to dryness under reduced pressure at 50 o C. The remaining was purified on silica (dichloromethane). Table S1 . Oscillator strength (f) of UV-visible absorption spetra of porphyrins ( Fig. 1) in both DCM and DMF solvents. Figure S1A . Energy level diagram of the compounds. 1 The energy levels of oxidation (E Ox ) and the energy levels of reduction (E Re ) were calculated from the where the band gap (∆E) can get from the absorption of onset wavelength (λ onset ) by the equation ∆E=1243/λ onset . 3 E CB was adopted from Ref. 7 . 4 The I -/I 3 -redox couple potential (E ele ) was adopted from Ref. 8 . Both values of 3 and 4 were calibrated to the absolute energy based on the assumption E Fc/Fc+ =+0.63 V vs. NHE. Figure S1B .
SI B. Oscillator strength in different solvents
Energy level diagram of the molecular orbitals calculated from TD-DFT of each of the systems. Figure S4 . Short circuit current (J SC ) dependence upon light intensity of ZP1 and CZP5. The fitted lines with two different light intensity ranges (split at ~0.02 sun) using power law are shown. Band filters were used to achieve 450±10 nm and 600±10 nm, representing for the Soret band and the Q band, respectively. The inset table shows the power numbers of the fitting.
SI D. Device fabrication and characterization
The power numbers at <0.02 sun showed bigger deviation from 1, especially when the thickness increased, indicating charge collection losses would happen. 
SI G. Quantification of the increased J SC (ΔJ SC )

